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A B S T R A C T
Purpose: E- learning has been revealed as an a useful tool among continuing education within health profes-sionals, namely for radiographers or 
radiologic technologists. Therefore like traditional learning, this teaching approach needs continuous evaluation in order to validate its effectiveness and 
impact. Kirkpatrick’s model has been widely used for this purpose by health information management instructors. Our aim was to assess an E-learning 
Course on Breast Imaging for radiographers based on the first three levels of Kirkpatrick’s framework: reaction, learning and behaviour.
Methods and materials: An E- learning course was developed for radiographers in order to provide an easy-to-understand, succinct and current 
overview in breast imaging, namely mammography technique and image in-terpretation. The program structure were built based on the guidelines 
proposed by the European Society of Breast Cancer Specialists (EUSOMA). Learner’s satisfaction was assessed through a questionnaire and Knowledge 
gain was assessed using pre-and post- testing. After 6 months of complying the course, the learners were contacted through a questionnaire in order to 
give feedback on whether their behaviour changed in workplace. Results: Two editions of the breast imaging course were performed by 64 learners. 
In general, 97% of the learners stated that the program content was very good and excellent, all learners considered the content was delivered in a 
very good or excellent way. High percentages of learners stated to be satisfied with the distribution of the content among each module (94%) and 86% of 
learners stated that your level of dedication was high or very high. Concerning improvement of knowledge, we found an evolution of 4 percentual 
points between pre and post-tests (p = 0,001). The learners have identified two main changes on their practice, the first one related with patient care, 
improving communications and positioning skills and the second one related with image interpretation, improving the image processing and analyses.
Conclusion: These global results show that e- learning can provide statistically relevant knowledge gains in Radiographers. This course is an 
important contribution to the improvement of mammography education, im-pacting on the development of students' and radiographers’ skills.
1. Introduction
Continuing medical education has been highly recommended by
international entities in order to improve the performance and routine
work of health professionals, including radiographers or radiologic
technologists [1–3]. In regards to breast imaging, the radiographer has
a key role performing mammographic examinations. Also, mammo-
graphy is currently considered the best imaging technique for breast
cancer screening and the most effective tool for early detection of this
disease [4,5]. The European Federation of Radiographer Societies
(ERFS) sets out that undergraduated students shall acquire a broad
knowledge base in mammography [6]. Thus, education and training
programmes are demanded to radiographers in order to improve their
professional competences. Food and Drug Administration (FDA) and
the European Society of Breast Cancer Specialists – EUSOMA - estab-
lished that to be able to work in mammography settings, radiographers
T
must have professional certification and at least 40 h of mammography
specific training [3,7].
For mammography certification a few training programmes can be
found, for example the NHS Breast screening program (NHSBSP) de-
veloped in 2000, which provides a framework for radiographers to
develop their performance in all areas inside senology or breast medi-
cine, with specific training centers and associated universities [2]. The
Australian Institute of Radiography (AIR) has a professional accred-
itation program that ensures the necessary training competences to
work in mammography in the country. In addition, since 1999 this
institution offer a programme that promotes continuing professional
education, the Continuing Professional Development (CPD), in order to
help the “benefit practitioners, their patients and the public through a
better educated, better trained and more proficient workforce” [8]. In
Portugal, undergraduate students get a general knowledge base in
mammography and can currently practice without meet minimal
mammography requirements. In addition, radiology curricula and
training programmes differs from one educational institution to an-
other. A study conducted by Strøm et al. [9] showed that in five Eur-
opean countries (Portugal included) the short period allocated to
mammography, for both the theoretical component and practical
training, in degree's curriculum and the lack of material resources were
the main limitations in mammography education impacting on the
development of students' skills. In response to these educational lim-
itations, E-learning approach can play an important role.
E-Learning, or learning through the internet, has been revealed to
be a useful tool to specific training and continuing education within
health professionals [10–14]. Several advantages of this teaching
methodology and assessment approach are recognised, comparing to
traditional learning methods. The ability to learn at any time from any
location, without having to travel or spend time away from work and
cost-savings are some examples. This individualised learning approach
allows to skip information that learners already know and move on to
less familiar topics, besides providing learning delivery and activities.
Using E-learning, educators can achieve a great possibility of easily and
quickly update content [10]. Several studies demonstrate that radio-
graphers are very receptive to this learning method [15–17].
Therefore like traditional learning, this teaching approach needs
continuous evaluation in order to validate its effectiveness and impact
[8], [12]. The model of Kirkpatrick’s framework is one of the best
evaluation methods and widely used by health information manage-
ment instructors [10,19,20]. Kirkpatrick's model stresses training eva-
luation on four levels: reaction (level 1), learning (level 2), behaviour
(level 3), and results i.e. impact on organization (level 4) [18]. The
popularity of this model for training programs evaluation can be found
in several studies, including those related with health care workers
[20–22]. Each level presents an order of steps to evaluate educational
programmes. Reaction level evaluates the approach of the student to-
wards the course, the participants perceptions. Learning level measures
the acquired knowledge a student has achieved by joining the course.
Behaviour level points out whether the participants are really em-
ploying what they have acquired during the programme. Finally, results
level measures how appropriately the major aim of the education is
attained (organizational effectiveness).
There are several recommended tools to assess the effectiveness and
relevance of the E-learning materials [23,24]. For learner perception
and satisfaction (Level 1 of Kirkpatrick's Evaluation Model) some tools
included programme evaluation sheets, interviews, learners’ comments
throughout the training and the course’s ability to keep learner’s en-
gagement [25–27]. To assess whether learner’s knowledge and/or skills
are improved by the E-learning programme (Level 2 of Kirkpatrick's
Evaluation Model), evaluation methods includes from self-assessment
to team assessment, such as individual pre and post-training tests for
comparisons [15,28]. Individual pre and post-surveys, interviews, ob-
servations or feedbacks can be used to assess whether the new
achievements have been transferred back to the clinical practice or not
(Level 3 of Kirkpatrick's Evaluation Model). This evaluation is typically
performed three to six months after learning, and should be done in the
workplace, requiring a more elaborate plan than levels 1 and 2 of
Kirkpatrick’s Evaluation Model [29]. Finally, to assess the impact on the
organization (Level 4 of Kirkpatrick's Evaluation Model) the definition
of outcomes needs to be very clear. This evaluation is considered the
most difficult to perform, since many topics aren’t easy to quantify [18].
Recognising that it is important to demonstrate the outcomes of
substantial investments in health worker training, as well as con-
sidering the lack of material resources in mammography for radio-
graphers in Portugal, an E-learning Course on Breast Imaging was de-
veloped [15] and further evaluated.
2. Aim
Our aim was to evaluate an E-learning Course on Breast Imaging for
radiographers based on the first three levels of Kirkpatrick’s framework:
reaction, learning and behaviour.
3. Materials and methods
An online certified course for radiographers was developed and
assessed in order to promote and improve basic knowledge in breast
imaging, namely about mammography technique and interpretation.
3.1. The course
We developed a four week program course offered through the
Moodle® platform of the Faculty of Medicine of the University of Porto
(FMUP). This course was awarded with 1 ECTS (i.e. equivalent to 27 h
of full-time study) and was accredited by the Scientific Council of the
Faculty.
Two editions of our course had been available, the first between 9th
October and 3rd November of 2016 and the second between 11th
February and 18th March of 2017. The course was announced at
FMUP’s website1, by email and also on social networks, such as Face-
book and LinkedIn. Qualified radiographers, final year undergraduate
students in Radiography and other healthcare professionals were able
to apply to the course and they were selected according to the Uni-
versity admission requirements for student selection. During the pro-
cedure, decisions on admission to the University were made on aca-
demic graduation in Radiography (40%), professional experience (40%)
namely in mammography, and post-graduated formation (20%). The
course were limited to 30–35 participants (30 participants for the first
edition and 35 for the second edition). All participants admitted have
signed a declaration of honour (Appendix 1) to attend the course.
The contents of this E-learning course were based on the guidelines
proposed by the European Society of Breast Cancer Specialists
(EUSOMA) [7]. The materials were designed by two experienced pro-
fessors and reviewed by two radiologists with expertise in breast ima-
ging. The course was structured in three modules (Table 1), and at the
end of each module, exercises were given and designed to improve
learning of the various topics. Formative assessment strategies have
been used to improve teaching and learning simultaneously.
The modules included online lectures, reading texts, exercises and
online assignments, available sequentially. Each module comprise two
mandatory lectures, being the second one available one week after the
first one. The lectures were built using the software Articulate Story
Line®, and it was promoted an interactive environment where learners
could listen and visualize text, images, clinical cases, lecturers, sug-
gested articles and also videos. Each lecture session typically take
around 30–40 minutes to complete.
1 URL: https://sigarra.up.pt/fmup/pt/cur_geral.cur_view?pv_ano_lectivo=
2016&pv_curso_id=11681&pv_origem=CAND&pv_tipo_cur_sigla=UFC
Using a video, the course goals and the agenda was introduced to
the learners. This kickoff event intended to motivate the participants
and provide an overview of the activities and methods used through the
course.
Besides asynchronous sessions, the course included one hour syn-
chronous session promoted by two experienced professors, allowing
learners to share experiences and answer questions about the topics of
each module. In addition, a forum to share opinions and discuss some
related topics was provided to the participants. The course features
alongside the study design are depicted in Fig. 1.
At the end of the course, learners have to perform online a final
summative test under time control, which was been scheduled one
week after the end of the last module. The test included 25 multiple
choice questions, 5 short answer questions and 2 mammography case
studies. In this course, to reduce student bias, the final test have been
rated by two professors. The course certificate were awarded only when
learners successfully complete the formative assessments performed
along the activities and on the final test (graded on a 0–20 scale with
passing grade of 10/20).
3.2. Perception, knowledge and behaviour assessment
According to the Kirkpatrick's Evaluation Model and the suggested
tools to assess the effectiveness and relevance of the e-Learning mate-
rials, learner satisfaction was assessed through a questionnaire one
week after the final test. Then, Knowledge gain was assessed using pre-
and post-tests, corresponding the post-test to the final summative test
performed at the end of the course.
Finally, 6 months after complying the course, learners were con-
tacted through an online questionnaire in order to give feedback
whether their behaviour changed in workplace. The online approach
was considered to be the best option considering the ability to reach to
all learners including those that where from another countries. This
questionnaire included 24 questions requiring a 5-point Likert scale,
considering the following topics: patient call and preparation (Q1-Q5),
technique and positioning (Q6-Q11), analysis and image processing
(Q12-Q18), final procedures (Q19-Q20) and quality control (Q21-Q24).
The questionnaire was designed accordingly to related literature [30].
All questions were asked to performed to obtain an answer according to
what was their each behaviour before and after the course.
3.3. Statistical analysis
Normality was tested with the Kolmogorov-Smirnov test (total
sample) and the Shapiro-Wilk test (for each edition group of learners),
beyond the visual analysis of histograms.
The sample was described by median, 25 and 75 percentiles (P25;
P75).
Homogeneity between the two groups was assessed using the Mann-
Whitney U test for continuous variables and Fisher’s exact test for
nominal variables.
To analyze possible relations between variables it was used the
Pearson’s correlation coefficient for continuous variables and
Spearman’s correlation coefficient for discrete variables.
To compare possible gain in knowledge, paired-sample Wilcoxon
test was conducted through the variables “pre-test” and “post-test”,
using a 20-point grading scale, being the lowest 0 points and the highest
20 points; then, the variable “improvement” was created in order to
give the difference between pre and post-test grades.
We considered a significance level of 0,05, and the analysis was
carried out in IBM SPSS Statistics software, version 24.0.
4. Results
The following results are organized around the main levels of the
Kirkpatrick’s framework: reaction, learning and behaviour, and include
comparisons between participants enrolled in both editions of the E-
Learning Courses on Breast Imaging.
4.1. Sample description
The two editions of the course was attended by 64 learners: 30
(46%) learners in the first edition, and 34 (54%) in the second. As
shown in Table 2, the participants’ demographic characteristics are in
general comparable.
Most of the learners were 56 active workers (n = 56, 87%), 5 (8%)
unemployed radiographers and 3 (5%) final year undergraduate stu-
dents in Radiography. The unemployed radiographer’s were recently
graduated in Radiography and looking for their first job. At the be-
ginning of our Course, the final year students already had a previous
knowledge (theoretical) in mammography.
Considering residence, learners were mostly from Portugal (n = 60;
94%), but there were also four radiographers from Angola, Belgium,
Brazil and United Kingdom.
Regarding how did they know about the course, most learners
(n = 29, 45%) heard about it on social networks, 20 (31%) heard from
other colleagues, 5 (8%) heard from e-mail, and 10 (16%) heard from
other ways, e.g. the Faculty website.
The median age of learners was 29 years old (P25 = 25; P75 = 33),
being the oldest person 50 years old and the youngest 22. Overall, 1
(2%) had bachelor degree, 49 (77%) had degree in Radiography and 11
(17%) had a master’s degree. The median professional experience was 5
years (P25 = 1; P75 = 10), ranging from 0 years (students) to 24 years
of work practice. Considering variables “Age” and “Years of profes-
sion”, and according to respective medians, categorization was per-
formed as follow: “age < 29 years”, “age > 29 years”, “ < 5years pro-
fession” and “ > 5years of profession”, respectively.
4.2. Learner satisfaction
All learners answered the satisfaction questionnaire at the end of the
course (before students perception of the rating final test results).
Firstly, the learners were questioned how their knowledge on breast
imaging was before and after the course: before the course 33 (52%)
learners considered insufficient and basic, and 31 (48%) considered
moderate and advanced. After the course, 2 (3%) learners considered
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moderate and advanced (p < 0,001). These results are depicted in
Fig. 2.
Then, learners were asked about the content of the course. As shown
in Fig. 3, 62 (97%) learners stated that the content was very good and
excellent, all learners considered the content was transmitted in a very
good and excellent way, and 60 (94%) considered the distribution of
the content in each module was very good and excellent.
Regarding your dedication level during the course, 55 (86%) lear-
ners stated to be high and very high (Fig. 4).
At the end of the satisfaction questionnaire, learners were invited to
write general comments about the course and to suggest future im-
provements. Most of learners (n = 37; 58%) enhanced the opportunity
to update concepts and skills in order to improve their performance. In
addition, some learners enjoyed the structure of the course (n = 11;
17%), and also the advantage to be an E-learning course with specific
benefits (n = 11; 17%).
Learners perceptions regarding how the course can be improved
include more exercises (n = 10; 16,%), more clinical cases (n = 6; 9%),
more time between the modules for retaining concepts and learning
(n = 10; 16%), more contents about breast pathology (n = 3; 5%),
more lectures and references (n = 2;3%), more images (n = 6; 9%).
Also, 13 learners (20%) suggested the course should have more con-
tents about other imaging techniques beyond mammography, such as
digital breast tomosynthesis and dual-energy contrast enhanced digital
mammography. Two learners (3%) also suggested to include training
sessions. The remaining twelve (19%) learners did not give improve-
ment suggestions.
Finally, 100% of learners would recommend the course to other
colleagues.
4.3. Knowledge gain
Of the participants enrolled, 54 (84,3%) answered to the pre-test.
The median grade achieved by learners was 13 points (P25 = 10;
P75 = 13), in 20-point grading scale. All learners performed the post-
test, i.e. the final examination at the end of the course, achieving a
median grade of 16 points (14;17). Among the 54 learners answering to
the pre and the post-test an improvement of 4 (0,58; 7,0) percentual
points pp (p < 0,001) was achieved. Forty four subjects (81%) re-
vealed positive differences between post and pre-tests, which means
those participants improved their knowledge (Fig. 5; Table 2). Con-
sidering the age stratum, we can observe that younger subjects had a
higher improvement then the oldest ones (5 vs 2,67; p= 0,032). Re-
garding their professional experience, learners with less 5 years of
profession had a higher improvement than learners with more years of
profession (5 vs 2,67; p= 0,041).
Fig. 1. Breast Imaging E-learning Course features and its assessment method.
4.4. Behaviour
After six months complying the course, only 43 (67,2%) subjects
answered the self-assessment behaviour questionnaire. Self-reported
differences in behaviour were identified between before and after
complying the course (Table 3). Regarding patient call and preparation
(Q1-Q5, Fig. 6), learners consider to be more able to answer questions
that the patient could have (Q4). However, their ability to hear the
patient and use of active listening was self-reported to be the behaviour
that least changed.
Regarding mammography technique and positioning (Q6-Q11,
Fig. 7), learners think to be more able togged best positioning techni-
ques in order to get all the quality criteria (Q6), to select the radiation
Table 2
Sample's description, pre and post-tests results and comparison between stratus. The variable “improvement” represents the difference between the pre and post-test




















Age, Med (P25; P75) 31 (26;33) 28 (25;31) 29 (25; 33) 0165Δ 26 (24;28) 33 (31;37) 26 (24;28) 33 (31;35) < 0001 Δ
Sex, n(%)
Male 1 (3) 1 (3) 2 (3) 092
9*
0 2 (7) 0201* 0 2 (7) 0216*
Female 29 (97) 33 (97) 62 (97) 35 (100) 27 (93) 34 (100) 28 (93)
Academic qualifications n (%)
Student 0 3 (9) (5) 0116* 2 (6) 1 (3) 1* 1 (3) 0 0116*
Bachelor 0 1 (3) 1 (2) 0 1 (3) 1 (3) 0
Degree 21 (70) 28 (82) 49 (77) 27 (77) 22 (76) 25 (74) 24 (80)
Master 9 (30) 2 (6) 11 (17) 6 (17) 5 (17) 5 (15) 6 (20)
Years of profession, Med (P25; P75) 7 (2;11) 4 (1;9) 5 (1; 10) 0071 Δ 2 (1;4) 11 (7;13) < 0001 Δ 1 (1;3) 11 (8;12)
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Fig. 2. First question of the satisfaction questionnaire. The results are exposed
by percentages.
Fig. 3. Second, third and fourth questions of the satisfaction questionnaire.
Results are exposed by percentages.
Fig. 4. Fifth question of the satisfaction questionnaire. Results are exposed in
percentages.
Fig. 5. Boxplot showing 'improvement' (Median 4 (P25 = 058; P75 = 7,0), i.e.
the differences between post and pre-tests grades. We can observe that at least
75% (specifically 81%) revealed positive differences (p < 0001).
Table 3
Self-assessment behaviour questionnaire results. The results are exposed in a five-point Likert-scale, n (%).Acronyms and symbols: P25 – Percentile 25; P75 –
Percentile 75; †- Wilcoxon's test.
1 2 3 4 5 Median
(P25; P75)
p
Q1. I pay attention to the way I perform the initial questionnaire
Before the course 0 0 8 (17) 17 (40) 18 (42) 4 (4;5) < 0,001†
After the course 0 0 1 (2) 7 (16) 35 (81) 5 (5;5)
Q2. I pay attention to previous exams
Before the course 1 (2) 0 9 (21) 18 (42) 15 (35) 4 (4;5) < 0,001†
After the course 0 0 2 (5) 7 (16) 34 (79) 5 (5;5)
Q3. I explain all the procedure to the patient (importance of compression and positioning)
Before the course 1 (2) 0 3 (7) 20 (47) 19 (44) 4 (4;5) < 0,001†
After the course 0 0 0 8 (19) 35 (81) 5 (5;5)
Q4. I am able to answer questions patient could have
Before the course 1 (2) 1 (2) 6 (14) 25 (58) 10 (23) 4 (4;4) < 0,001†
After the course 0 0 0 6 (14) 37 (86) 5 (5;5)
Q5. I am able to hear the patient and and practice active listening
Before the course 0 0 2 (5) 13 (30) 28 (65) 5 (4;5) 0,004†
After the course 0 0 1 (2) 5 (12) 37 (86) 5 (5;5)
Q6. I am able to positioning in order to get all the quality criteria
Before the course 0 0 5 (12) 28 (65) 10 (23) 4 (4;4)
After the course 0 0 0 10 (23) 33 (77) 5 (5;5) < 0,001†
Q7. I am able to maintain the communication during all the procedure with patient
Before the course 0 0 3 (7) 20 (47) 20 (47) 4 (4;5) < 0,001†
After the course 0 0 1 (2) 7 (16) 35 (81) 5 (5;5)
Q8. I am able to apply compression adequately
Before the course 0 0 4 (9) 23 (54) 16 (37) 4 (4;5) < 0,001†
After the course 0 0 1 (2) 11 (17) 31 (48) 5 (4;5)
Q9. I am able to verify if patient is comfortable
Before the course 0 0 3 (7) 18 (42) 22 (51) 5 (4;5) 0,001†
After the course 0 0 0 10 (16) 33 (52) 5 (5;5)
Q10. I am able to select the exposition parameters adequately
Before the course 0 0 7 (16) 27 (63) 9 (21) 4 (4;4) < 0,001†
After the course 0 0 1 (2) 10 (23) 32 (74) 5 (4;5)
Q11. I am able to use the ALARA principle efficiently
Before the course 0 0 4 (9) 21 (49) 18 (42) 4 (4;5) < 0,001†
After the course 0 0 1 (2) 10 (23) 32 (74) 5 (4;5)
Q12. I am able to produce accurate images
Before the course 0 0 5 (12) 21 (49) 17 (40) 4 (4;5) < 0,001†
After the course 0 0 0 4 (9) 39 (91) 5 (5;5)
Q13. I am able to evaluate the image quality according to clinical information
Before the course 0 0 10 (23) 24 (56) 9 (21) 5 (5;5) < 0,001†
After the course 0 0 2 (5) 7 (16) 34 (79) 5 (5;5)
Q14. I am able to check all the quality criteria
Before the course 0 0 6 (14) 27 (42) 10 (16) 4 (4;4) < 0.001†
After the course 0 0 0 2 (5) 41 (95) 5 (5;5)
Q15. I can identify artefacts
Before the course 1 (2) 0 3 (5) 26 (31) 13 (30) 4 (4;5) < 0.001†
After the course 0 0 0 6 (14) 37 (86) 5 (5;5)
Q16. I am able to assess the necessity of repeating images
Before the course 0 0 10 (23) 19 (44) 14 (33) 4 (4;5) < 0,001†
After the course 0 0 1 (2) 6 (14) 36 (84) 5 (5;5)
Q17. I am able to assess the necessity of performing additional views
Before the course 0 0 13 (30) 22 (51) 8 (19) 4 (4;4) < 0,001†
After the course 0 0 0 12 (28) 31 (72) 5 (5;5)
Q18. I am able to optimize image quality
Before the course 0 0 7 (16) 28 (65) 8 (19) 4 (4;4) < 0,001†
After the course 0 0 1 (2) 11 (27) 31 (72) 5 (4;5)
Q19. I can assess the emotional status of the patient after the procedure
Before the course 0 0 4 (9) 18 (42) 21 (49) 4 (4;5) < 0,001†
After the course 0 0 1 (2) 7 (16) 35 (81) 5 (5;5)
Q20. I remember the patient the importance of performing mammography
Before the course 0 0 7 (16) 18 (42) 18 (42) 4 (4;5) < 0,001†
After the course 0 0 1 (2) 7 (16) 35 (81) 5 (5;5)
Q21. I perform calibration of equipment
Before the course 0 0 9 (21) 18 (42) 16 (37) 4 (4;5) < 0,001†
After the course 0 0 5 (12) 10 (23) 28 (65) 5 (5;5)
Q22. I perform quality control
Before the course 2 (5) 0 15 (35) 12 (28) 14 (33) 4 (4;5) 0,002†
After the course 2 (5) 0 10 (23) 9 (21) 22 (51) 5 (5;5)
Q23. I can detect problems in equipment
Before the course 0 0 11 (26) 19 (44) 13 (30) 4 (3;5) 0,004†
After the course 0 0 4 (9) 19 (44) 20 (47) 4 (4;5)
Q24. I am able to propose improvements
Before the course 0 0 14 (33) 22 (51) 7 (16) 4 (3;4) < 0,001†
After the course 0 0 3 (7) 21 (49) 19 (44) 4 (4; 5)
exposure and dose parameters (Q10) and to maintain the communica-
tion with patient during all the procedure (Q7). The capacity to apply
compression adequately (Q8), to verify if patient is comfortable (Q9)
and to use the ALARA (As-Low-As-Reasonably-Achievable) principle
efficiently (Q11) were the attitudes that less changed.
Concerning image analysis and processing (Q12-Q18, Fig. 8), lear-
ners think to be more able to optimize image quality (Q18), check all
the quality criteria (Q14), evaluate the image quality according to the
clinical information (Q13), identify artefacts (Q15), evaluate the ne-
cessity of repeat images (Q16) or to perform additional views (Q17).
As for items Final procedures (Q19-Q20, Fig. 9) and Quality control
(Q21-Q24, Fig. 10), learners consider to be capable to assess the emo-
tional status of patient (Q19) and to remember the importance of
mammography (Q20). Furthermore, they can perform quality control
(Q21 and Q22), detect problems in equipment (Q23) and are able to
suggest improvements (Q24). Although, these attitudes were not so
enhanced after the course. Concerning age and years of profession
stratus, results were comparable showing only in Q23 that older
and more experienced subjects did not change their performance
(p = 0,059).
5. Discussion
We strongly believe that E-learning is a good option for continuing
education, and this course has been well seek by Portuguese radio-
graphers, since that numerus clausus were fulfilled for both editions.
According to Strøm et al. [9] the level of emphasis on the acquisition of
mammography knowledge, skills and competences of the under-
graduate courses in Radiography curriculum differs from one country to
another and for both the theoretical component and practical training.
For this reason, continuing education and training programmes are
demanded by international entities. To the best of our knowledge, our
E-learning Course is innovative, contributing to the Portuguese con-
tinuing education programmes, as we did not find any similar course.
The high interest for E-learning teaching courses among Portuguese
radiographers is in accordance to related literature [16,17]. Nowadays,
these healthcare professionals are highly interested in acquiring pro-
fessional training and continuous education among all countries. In
Australia, researchers found that 94% of the Australian radiographers
that collaborated in their study use the Internet as a resource for self-
learning [17]. Additionally, these radiographers showed to be receptive
to new technologies and training. In Denmark, a study conducted by
Johansen and Brodersen [16] showed that the Danish radiographers are
able to upgrade their skills.
Regarding the first question of the satisfaction questionnaire, which
one we consider to be a good indicator of the learning process in this E-
Learning course, 97% of the learners considered their knowledge ad-
vanced after the course, when compared with those that considered to
have moderate and advanced learning before the course. This is con-
sistent with the knowledge gain results, where we found an improve-
ment of 4pp.
Regarding age and years of profession stratum, our statistical ana-
lysis demonstrate a higher improvement in younger subjects and also in
subjects with less professional experience. These results can traduce a
Fig. 6. Self-assessment behaviour questionnaire - Patient call and preparation
(Q1-Q5). Results are presented by number of learners, and by five-point Likert-
scale, where 1: strongly disagree and 5: strongly agree.
Fig. 7. Self-assessment behaviour questionnaire - Technique and positioning
(Q6-Q11). Results are presented by number of learners, and by five-point
Likert-scale, where 1: strongly disagree and 5: strongly agree.
Fig. 8. Self-assessment behaviour questionnaire - Analysis and imaging pro-
cessing (Q12-Q18). Results are presented by number of learners, and by five-
point Likert-scale, where 1: strongly disagree and 5: strongly agree.
Fig. 9. Self-assessment behaviour questionnaire - Final procedures (Q19-Q20).
Results are presented by number of learners, and by five-point Likert-scale,
where 1: strongly disagree and 5: strongly agree.
Fig. 10. Self-assessment behaviour questionnaire - Quality control (Q21-Q24).
Results are presented by number of learners, and by five-point Likert-scale,
where 1: strongly disagree and 5: strongly agree.
higher motivation for continuing education for those who are starting
the professional career. Nevertheless, oldest participants got better re-
sults in pre-test note when compared with younger participants (13,3 vs
10; p= 0,062), and same results were observed among more experi-
enced subjects (13,3 vs 10; p= 0,065); post-test grades were tough
similar (15 vs 16; p= 0,03 / 15,5 vs 16; p= 0,214). The authors ob-
served a strong association between the variables “age” and “years of
experience”: after analysing the relation between them, a correlation of
0,852 (p < 0,001) was found, which actually corresponds to an almost
perfect positive correlation.
Although the low response rate of the self-assessment behaviour
questionnaire after six month, a good perception about how learners
changed some attitudes and behaviours within their work routine after
complying the course was provided. Major findings include a self-re-
ported change of behaviour of radiographers in three main tasks: ana-
lysis and image processing, technique and positioning and patient call
and preparation. Although, all questions that were answered by lear-
ners presented statistically significant differences, a less self-reported
change of behaviour was perceived by subjects regarding communica-
tion with patient (Q1, Q3, Q5), patient comfort (Q9), to realize if the
compression is adequate (Q8), and to be capable to use the ALARA
principle (Q11). Also, both issues Final procedures and Quality control
were the self-reported behaviours that less changed. Authors assume
these were expectable results, since learners already have either a de-
gree in Radiography or at least they had already completed 3 years of
the degree (students were attending the last year of the 4 years degree).
An important result of our study is that radiographers are more
capable to answer questions that the patient could have (Q4), high-
lighting the knowledge improvement achieved after complying this
course. Besides technical issues, the radiographer is usually the first
professional to be consulted by women in primary health care needs, at
the time of breast cancer screening, and therefore he should be able to
answer questions about the examination and the implications of its
results, if the patient asks. For this reason, learning outcomes of this
course will benefit patients through radiographers with improved
knowledge, namely on patient safety, dose, time of imaging, less re-
peated images, less anxiety and better image quality assurance.
The self-assessment behaviour questionnaire used in this study was
adapted from literature [30], demanding future work towards the va-
lidation for the Portuguese language and target group. However, this
study suggests that the development and use of online courses should
continue for radiographers. In addition, a new English-translated edi-
tion, with new contents suggested by our participants, such as breast
digital tomosynthesis and dual-energy contrast enhanced is in working
process. Moreover, other breast imaging methods will be considered,
namely quantitative imaging techniques. Further effort is needed to
improve overall contents or even to provide to learners a free e-book to
be downloaded after performing the course, to be easily use at the
clinical settings.
Two participants suggested to add training sessions, thus trans-
forming this E-learning course into a blended learning course. For in-
stance, blended learning is an education program (formal or non-
formal) that combines online digital media with traditional classroom
methods. In addition, blended learning bring more efficient knowledge
as reported in some literature [31–33]. Also, it is reasonable to assume
that the management of hands-on training sessions with learners from
many different places including other countries needs further efforts for
both learners and educational providers.
The assessment of Level 4 of Kirkpatrick's Evaluation Model is a
high challenge according to [34,35]. Since it is more difficult and time-
consuming to assess this level, it demands a further analysis on the way
this task will be done in the future in this course.
Limitations of this study need to be considered. First, the limited
sample size that affects the generalization of the results, and the limited
implementation time, as the learners have their own agenda and prio-
rities. In particular, regarding the knowledge gain, it should be stressed
that since the majority of learners not answering to the pre-test belongs
to the eldery and > 5 years profession groups. According to the better
improvement results observed in young learners, this course would be
in the future focused on this target group and their needs and to tailor a
more personalised approach.
Given the way the survey was designed, we could not enforce an
anonymous querying, which could have overestimated the satisfaction
rating. However, given that no direct implications came, to the parti-
cipants, from the results of this test, we believe that this overestimation
might have been slight and, thus, might have had limited relevance in
the overall conclusions of our work.
Another limitation of this course is that, hands-on mammography
positioning training for learners wasn’t provided as recommended by
FDA and EUSOMA for professional certification. Moreover, we are
aware about the importance of retraining and repetitive testing for
quality assurance in breast cancer screening purpose.
Concerning the evaluation strategy, we also faced the risk of a slight
bias because we did not control if learners resorted to external sources
in order to provide correct answers to the final test. Notwithstanding,
all participants have signed a declaration of honour to perform the
course in the correct and honest manner. As future work, it would be
interesting to conduct additional assessments to demonstrate effective
consolidation of knowledge gain and retention.
Third, the success of a Kirkpatrick Level 3 evaluation largely de-
pends on the design of the evaluation. In our study, a post-test survey
have been administered to participant which might offer biased esti-
mates of their self-assessed behaviour. However, the feedback provided
can often lead to improvements in the course programme and the
transfer of learning and to the identification of further training needs.
Although limitations on reliability/ validity of data gathered, the self-
report questionnaires still continue to be a popular methodology in
behavioural science because of their utility and cost, in particular for
distance learning evaluation.
Finally, we are aware about the need to be familiar with the online
teaching programmes and assessment tools limitations. Although, on-
line approaches were found to be the best choice namely for radio-
graphers coming from different places or even different countries.
Our global results show that e-learning can provide statistically
relevant knowledge gains in Radiographers. In view of these findings,
our E-learning Course on Breast Imaging provides an important con-
tribution for the improvement of mammography education in Portugal,
impacting on the development of student’s and radiographer’s skills.
Thus, this study highlights the role of continuous education models
in order to obtain a good quality performance in mammography.
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